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ABSTRACT 
Wild pigs are an invasive species widely distributed throughout Australia and the 
Americas. Wild pigs are carriers of over 30 zoonotic diseases and are a major source of 
crop destruction, with damages associated with pigs estimated at $1.5 billion annually in 
the U.S. alone. Current mitigation techniques such as trapping and shooting are rendered 
ineffective due to the high fecundity of pigs. Recent population models suggest that 
decreasing fertility would result in sustainably reduced populations of wild pigs. No 
fertility control product currently exists for wild pigs, although the combination of 
triptolide and 4-vinyclohexene diepoxide (VCD) in ContraPest®, a rat contraceptive 
product, shows considerable promise. The objective of this project was to evaluate 
fertility control bait (FCB) containing triptolide and VCD for its potential use in pigs. To 
evaluate the effects of this FCB on boar fertility, males (n=5) were provided active FCB 
twice daily for 15 days. Semen parameters were monitored before (D0) and after (D37, 
D45, and D60). Males that freely consumed the FCB, had significant decreases (p<0.05) 
in viability, morphology, and progressive motility were observed at D37 and D45, 
indicating decreased fertility. By D60, parameters began to trend upwards and 
histological evaluation of the testes showed normal spermatogenic activity suggesting a 
transient effect on spermatogenesis. Females were provided placebo (n=6) or active 
(n=5) FCB twice daily for 15 days. Thirty days after cessation of the treatment period 
(D50), ovaries were collected from all females. A significant decrease (p<0.05) in both 
ovarian mass and prevalence of preovulatory follicles in treated gilts suggested a decline 
in ovulation rate. Histological studies found significant reductions (p<0.05) in all 
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immature follicular stages suggesting a prolonged decline in fertility. The results of these 
studies suggest the potential for developing an FCB, utilizing the combination of 
triptolide and VCD, to reduce the fecundity in both male and female wild pigs. 
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CHAPTER I  
INTRODUCTION AND LITERATURE REVIEW 
1.1 History of Wild Pig Populations 
1.1.1 Rapid Expansion of Wild Pig Populations 
Wild boars (sus scrofa) inhabit a wide range of habitats extending from Western 
Europe and Northern Africa to far eastern Russia and Southeast Asia. Domestication of 
wild boar occurred independently in the Middle East and Asia around 7,000 B.C. During 
the 1400s, European colonists brought domestic pigs to North America. Subsequently, 
through escapes and releases, these domestic pigs established free-roaming pig 
populations in North America. In turn, these free-roaming pigs became feral, or reverted 
to a state that closely resembles their wild ancestors. During the late twentieth century, 
game reserves in the United States imported wild boars from Europe. Shortly thereafter, 
a number of these individuals escaped and hybridized with the local feral pig 
populations. Currently in the United States, this hybridized wild pig population has 
reached an estimated size of 6.3 million individuals found across 41 states [1, 2].  
During the colonization of Australia, European colonists also introduced 
domestic pigs [3]. Now feral pig populations are observed throughout Australia and 
neighboring islands such as New Zealand [4]. In 2008, the population of feral pigs in 
Australia had expanded to an estimated  24 million pigs [5]. Further, European 
colonization of South America led to similar domestic pig releases as seen in North 
America and Australia. In 2007, 91 municipalities in Brazil were documented to have 
feral pig populations [6]. By 2014, it was found that the number of municipalities in 
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Brazil with feral pig populations had increased to 472 municipalities [7]. Collectively 
wild boar and their descendants, feral pigs have established populations of wild pigs on 
all continents except Antarctica.  
1.2 Significance of Wild Boar and Feral Pig Populations 
1.2.1 Impacts on Agriculture and Public Health 
  The widespread occurrence of these wild pig populations has highlighted their 
numerous detrimental impacts. Farm fields are a frequent area of conflicts as they 
provide wild pigs easy access to a dense nutrient rich zone. Wild pigs’ destructive 
foraging habitats can quickly trample large acreages of crops resulting in millions of 
dollars in damages. In the United States, damage caused by wild pigs on crops such as 
corn and peanuts results in an estimated $1.5 billion dollars in damages annually [8, 9]. 
Similar issues occur in Australia where wild pigs damage numerous crops including 
wheat and barley causing greater than $100 million in damages each year. It is common 
practice for some European countries to reimburse for crop damage attributed to wild 
pigs. For example, the Italian province of Siena pays on average $313,000 yearly to local 
agriculture operations due to wild pig crop destruction [10].  
 While direct damage to crops is a primary concern, secondary concerns include 
contamination of crops, as feral pigs are reservoirs of over 30 different zoonotic 
diseases. Wild pigs transmit Salmonella enterica and Escherichia coli (E. coli) through 
fecal material. Salmonella has been found in fifty percent of pigs in Texas and in wild 
pigs in 14 other states [11, 12]. Salmonella, a foodborne infection, is responsible for 
20,000 hospitalizations and 400 deaths per year [13]. An outbreak of E. coli in 2007 
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resulted in 205 hospitalizations and 3 deaths. The source of the outbreak was determined 
to be spinach fields in Southern California that had been contaminated with wild pigs’ 
fecal material [14].  
Other diseases carried by wild pigs pose threats to the livestock industries. In 
areas of the United States, 44% of sounders or groups of reproductive sows (typically 2-
6 individuals) and their young are carriers of pseudorabies [15]. Pseudorabies is 
asymptomatic in adult pigs but is lethal in piglets and an outbreak of pseudorabies would 
lead to vast economic damages to the pork industry. Currently, pseudorabies has been 
eradicated in United States commercial pig operations, however interactions between 
wild and domestic pigs have been observed, causing concerns that it could be 
reintroduced into commercial pig operations [16, 17].  
1.2.2 Impacts on Environment 
 The destructive foraging habits of wild pigs not only effects the agriculture 
industry it also has a profound impact on the environment. These destructive foraging 
habits are the result of wild pigs using their snout to dig up or “root” up large chunks of 
dirt in search of small invertebrates such as worms and snails. Rooting has a detrimental 
impact on the growth of young plants and aids in the spread of invasive plant species 
[18, 19]. In California, high densities of wild pigs (2pigs/km2) further reduce already low 
oak seedling regeneration rates [20, 21]. This is also commonly observed in areas of 
Poland as the presence of wild pigs reduced seedling regeneration rates 1.5 to 6 times 
normal [22]. Combined these foraging behaviors alter habitats results in diminished 
cover for small mammals such as voles, consequently reducing their populations [23]. 
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Reduced populations of voles may disrupt ecosystem balance as they are a common prey 
item.  
Wild pigs also directly affect populations of other larger vertebrates. In some 
areas of the United States and Australia, wild pigs will frequently dig up nests of 
endangered sea turtles [24, 25]. In Texas, nest predation also affects the population of 
bobwhite quail, where 28% of nests were destroyed by the local pig population [9]. 
Further, wild pigs will compete directly with other large games species such as deer 
potentially reducing their prevalence [26]. Ultimately, wild pigs pose a wide-ranging 
threat to the economy as well as a myriad of environmental issues.  
1.3 Management Techniques  
1.3.1 Nonlethal Management Techniques 
The vast negative impact of wild pigs on the economy and ecosystems has led to 
the development of various techniques such as pig proof fencing and supplemental food 
sources, in an attempt to mitigate these damages. Traditionally, these pig proof fences 
consist of wire and mesh and are 28 inches tall. These fences are implemented to protect 
agricultural and sensitive environmental areas. In response to wild pigs damaging sea 
turtle nests, deployment of pig proof fences have been successful in protecting these 
critical habitats [27]. While effective, fence costs can be prohibitive when attempting to 
protect large areas of land. These fences typically cost $8,200-$21,325 per kilometer. 
Alternatively electronic fences are considerably cheaper ($2,000 per km) but they can be 
easily crossed by smaller pigs as electrical wires cannot be placed too closely to the 
ground as vegetative growth will cause disruptions in the current [27, 28]. Due to the 
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high cost of construction and upkeep of fencing, it is limited to application in small or 
high value areas. 
Other strategies to control wild pig populations include providing supplemental 
food sources. These alternative food sources are placed in forested areas near farm fields 
in an attempt to discourage wild pigs from destroying crops. The effectiveness of this 
management technique has had mixed results. Several studies have indicated that 
supplemental feeding caused a decrease in agriculture damage [29-31] For example, in 
Italy as grapevines are nearing harvest, providing corn in adjacent forested areas resulted 
a 60% reduction in reported vineyard damages [32]. However, numerous other studies 
have been unable to produce similar results. More recent studies have found that 
supplemental feeding has proven to be insufficient in reducing the occurrence of crop 
damage [33]. Although damage may be mitigated immediately through supplemental 
feeding, the possibility lingers that in successive years damage may increase as a result 
of increased nutrient availability leading to improved survival and reproductive rates 
[34]. Independently fencing and supplemental feeding do not actively lower wild pig 
populations and are best coupled with strategies that actively reduce the prevalence of 
wild pigs. 
1.3.2 Lethal Management Techniques  
Actively removing pigs through lethal means such as shooting, trapping, or 
fencing are commonly utilized strategies to reduce wild pig populations. Wild pigs are 
popular game species throughout their native and introduced ranges. In areas with large 
wild pig issues, hunting is encouraged by local municipalities and many landowners hunt 
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wild pigs on their lands in an attempt to limit damages. However, recreational hunting 
efforts are largely ineffective in reducing wild pig populations regions [10, 35, 36]. This 
has led to the development of more organized ground hunting campaigns utilizing 
professional hunters. However, these were subsequently also ineffective at reducing 
local populations [37, 38].  
 In some areas, hunters have had success shooting from aircraft, allowing for 
large areas of land to be quickly covered. This has shown to be effective and can result 
in population reductions of 65% to 97% [38, 39]. Although effective, operating costs 
associated with aircraft are considerably high [40]. Recently, marketing aerial shooting 
as a recreational hunting method has been implemented in an effort to reduce cost. 
Additionally, in areas that provide wild pigs with large amounts of cover, in national 
parks, or in urban areas aerial shooting is not feasible and require less intrusive 
management techniques.  
Trapping is a considerably less intrusive method to lower wild pig populations. 
The most commonly used trap style is a corral style trap that consists of a large circular 
pen typically baited with corn. The entrance of these traps contains a sliding door that 
closes by placing a pressure trigger inside the pen or via camera monitoring. 
Landowners independently implement traps, which limits effectiveness due to sporadic 
application over large areas. Field studies evaluating the effectiveness of trapping 
campaigns found 90-100% drops in consumption rates of bait in traps. A subsequent 
investigation found only 80% reductions in populations, indicating a portion of the 
population refused to enter traps (trap shyness) [38, 41]. Other studies observed up to 
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48% of animals would not enter traps [42]. The social structure of pigs is a major 
influence on trapping efforts as sounders are more efficiently trapped in comparison to 
boars that are solitary by nature [43]. The large proportions of animals exhibiting trap 
shyness and the social structure of wild pigs limits the effectiveness of trapping.  
The ineffectiveness of shooting and trapping campaigns led to the development 
of alternate strategies such as poisoning. For poisoning to be effectively used to reduce 
wild pig populations, O’brien [44] described seven traits needed for an effective pig 
poison. These traits are that the poison must have a high toxicity, consumed readily, 
commercially available, does not persist in the environment, has a low hazard to 
distributors, low cost, and have an acceptable time of death.  
In Australia, PIGOUT® is the most extensively employed poison, but is not 
approved for use in the United States. The active ingredient in PIGOUT®, sodium 
flouroacetate, is quickly metabolized to flourocitrate after consumption [45]. 
Flourocitrate acts by inhibiting the enzyme aconitase of the Krebs cycle [45]. PIGOUT® 
triggers emesis in wild pigs thereby decreasing the ingested dose of PIGOUT® while 
subsequently posing a threat to non-target species who consume the vomitus. In an 
attempt to limit emesis, PIGOUT® utilizes a cylinder design that has an outer layer of a 
cereal and meat attractant and an inner layer of a proprietary matrix containing sodium 
flouroacetate. The inner layer was designed to slow the release of sodium flouroacetate 
in the stomach but did not prove effective in reducing vomiting [46]. 
 Recently, the public perception of PIGOUT® poisoning has come into question 
as PIGOUT® induces side effects that are considered inhumane such as convulsions [47]. 
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This negative public perception of PIGOUT® led to the development of a new toxin, 
sodium nitrite. Sodium nitrite has considerable promise to control wild pig populations, 
as it is considered to induce a humane death. Sodium nitrite acts by increasing the 
prevalence of methemoglobin, a type of hemoglobin which cannot transport oxygen and 
typically makes up 1% of total hemoglobin [48]. After consumption of sodium nitrite 
baits, wild pigs will quickly become unconscious, and death follows shortly after when 
levels of methemoglobin increase over 70%, which inhibits the body’s ability to 
transport oxygen [49]. 
While sodium nitrite has potential to be a humane poison, it is a bitter compound 
and wild pigs will not consume lethal doses. Much of the research involving the use of 
sodium nitrite as a poison focuses on creating a bait that contains a lethal dose. 
Currently, various formulations using microencapsulation to disguise the bitter taste 
during consumption are being evaluated [50-53]. In New Zealand, researchers have 
developed a peanut flavored paste bait that stimulates consumption of lethal doses. [50]. 
In 2015, sodium nitrite was approved for use by the New Zealand government with 
further studies being completed for registration in the United States and Australia [52, 
53]. 
The crux of the problem with poisoning is that these rapid reductions in pig 
populations from poisoning campaigns are not sustainable or cost effective. Previous 
studies in Australia subjected a wild pig population to PIGOUT® poisoning, the 
population was reduced by 58% but a year later the population had already surpassed the 
initial population size. For a poisoning campaign to be successful, population models 
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suggest a population reduction of 95% would need to occur, and followed by an 
intensive hunting program to remove survivors [54]. These models have found that even 
a 70% decrease in population would completely recover in 2.5 years [54].  
1.4 Wild Pig Reproductive Physiology 
1.4.1 Wild Pig Reproductive Biology 
The ability to rebound after large population reductions is due to the efficient 
reproductive systems of wild pigs. Sows produce large litters of 4-6 pigs with a gestation 
period of 115 days. Wild pigs that have a higher prevalence of domestic pig genetics 
have slightly larger litter sizes as artificial selection during domestication resulted in 
increased reproductive capabilities [55]. Following a large removal event, an 
overabundance of nutrients allows for an increase in body condition in surviving 
animals, which correlates with improved reproductive efficiency[56, 57]. As a result of 
these optimal conditions, sows are capable of producing up to three litters in 14-16 
months [54].  
Wild pigs in native European ranges typically breed seasonally, with mating 
occurring in late autumn and farrowing or parturition occurring in spring. Wild pig 
populations in the southern United States have two peak farrowing times during 
February and July, but farrowing is observed throughout the year [58]. In Australia, wild 
pigs also breed throughout the year but peak in summer months [59]. This difference in 
breeding behavior from European populations to feral populations is due to a 
combination of increased prevalence of domestic pig genetics and temperate habitat.  
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Piglets rapidly mature,  male offspring become fertile between 5 and 7 months of 
age while female sexual maturation is considerably more variable [60, 61]. Due to 
intraspecific competition between boars, younger boars are frequently outcompeted by 
older larger boars and do not breed until around 12-18 months of age [62]. Genetic 
studies have observed that older larger boars are more likely to successfully breed in 
comparison to smaller counterparts [63].  
Sows typically become fertile between 5 and 12 months of age, which is thought 
to be dependent on body weight and it has been suggested that sows must reach a size of 
20-35kg to be fertile [64, 65]. Once sexually mature, sows will come into estrous every 
21 days and will be receptive to mating attempts from boars for two to three days.  
1.4.2 Potential for Fertility Control 
 Disrupting the high fecundity of wild pigs may be the key to sustainable 
reductions in populations. Biological models simulating wild population dynamics, 
found the variable with the most impact on population size was the number of litters and 
piglets produced per year [66]. Further models demonstrated that rendering fifty percent 
of females infertile would cause a fifty percent  reduction in the population in two years 
and an 80% reduction in five years [67]. Models evaluating the potential of fertility 
control found that the application of a fertility control agent in sows could halt 
population growth and when coupled with removal of animals through hunting would 
cause a sustainable reduction in populations [68]. Collectively, these models indicate 
that decreasing fertility of wild pigs is a promising avenue that requires further 
investigation.  
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Fertility is largely dependent on the production of viable gametes through 
gametogenesis; inhibition of this process would greatly reduce fertility. Gametogenesis 
occurs through unique gender-specific mechanisms. In the male, this is referred to as 
spermatogenesis and in the female as folliculogenesis. Little literature exists elucidating 
the differences in gametogenesis between wild and domestic pigs but the few studies that 
have investigated this have found little difference in comparison to domestic 
counterparts [69]. As previously mentioned, varying levels of domestic pig genetics 
occur in wild populations which creates considerable overlap. For the purposes of this 
review, gametogenesis and its regulation in domestic pigs will be reviewed.  
1.5 Gametogenesis and Endocrine Regulation 
1.5.1 Spermatogenesis  
At the onset sexual maturity boars, begin producing a constant supply of 
spermatozoa. Spermatogenesis consists of three phases: proliferation, meiotic, and 
spermiogenesis phases, respectively. Within the testes, spermatogenesis begins in the 
seminiferous tubules. Spermatogenesis initiates within the basement membrane of the 
seminiferous tubules. It is here that proliferation of mitotically dividing spermatogonial 
stem cells occurs. Spermatogonia undergo typically six divisions prior to entering 
meiosis [70]. At the onset of meiosis, spermatogonia are referred to as spermatocytes. 
Once the initial cellular division of meiosis occurs, primary spermatocytes transition to 
secondary spermatocytes and enter the second division of meiosis resulting in a round 
haploid cell known as a spermatid.   
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Spermatids enter the final phase of spermatogenesis and undergo a complex 
remodeling that enables the spermatid capable of surviving the female reproductive tract 
to complete fertilization, referred to as spermiogenesis. During transformation, the 
nucleus exchanges histones, proteins used for packaging DNA in all cells, for 
protamines. This exchange allows for tight compaction and inactivation. Partly 
surrounding this compacting nucleus is the developing acrosome. The acrosome is a 
necessary component of the head region that covers a majority of the anterior region of 
the compacting nucleus. The main function of the acrosome is to break down the zona 
pellucida that surrounds the ovum. Coinciding with the developing acrosome, 
flagellogenesis begins. During flagellogenesis, mitochondria migrate to the posterior end 
of the nucleus, and centrosomes elongate to form the flagella. At the base of the flagella, 
mitochondria condense and form the mitochondrial sheath.  
The spermatid, now referred to as a spermatozoon, contains a head region made 
up of a condensed nucleus surrounded by the acrosome on the anterior portion. The 
posterior region of the nucleus contains the basal plate, which anchors the flagella to the 
nucleus. Distally to the basal plate, the mitochondrial sheath condenses around the 
flagella that will provide the necessary energy for motility. Beyond the midpiece, is the 
principle piece that contains the remaining portion of the flagella. Once spermatogenesis 
is completed, the sertoli cell releases the spermatid into the lumen of the seminiferous 
tubules.  
Upon completion of spermiogenesis, immature spermatozoa are not motile. 
Peristaltic contractions move these immature spermatozoa into the epididymis, which 
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provides the necessary conditions required for the final maturation steps of the 
spermatozoa. Lining the tubules of the epididymis are various cell types that are required 
to support further maturation of the spermatozoa. Clear and narrow cells maintain the 
necessary acidic pH of the epididymal lumen required for maturation while basal cells 
protect spermatozoa from oxidative stress [71]. Principal cells contribute various 
secretory products such as ions and proteins to the lumen [71]. The completion of 
maturation takes  approximately 10 days in pigs but can occur in as little as 2-5 days 
[72]. From the initial division of spermatogonial stem cells to ejaculation of mature 
spermatozoa occurs in ~50 days.  
1.5.2 Folliculogenesis 
 Unlike the boar that has spermatogonia constantly proliferating to provide a 
continuous supply of spermatozoa, the analogous proliferation event in the sow occurs in 
a short window during fetal development. Primordial germ cells undergo multiple 
mitotic divisions, peaking at 50 days into development [73]. As mitosis ceases, the 
developing ovary is left with a finite supply of primordial germ cells. At this point 
primordial germ cells enter meiosis and begin to transition into oocytes. Meiosis arrests 
in pigs in the diplotene stage. During this process, fifty percent of primordial germ cells 
are lost to atresia [73]. This retention rate in domestic pigs may be due to artificial 
selection and could be lower in wild pigs.   
 By 70 to 90 days into fetal development, one or two layers of granulosa cells 
surround the immature oocytes to form the primordial follicular structure [74]. In these 
structures, immature oocytes will remain quiescent until recruitment. A currently not 
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well understood stimulation on the surrounding granulosa cells activates the mechanistic 
target of the rapamycin complex 1 (mTORC1) and KIT ligand (KITL) [75, 76]. 
mTORC1 triggers differentiation of the surrounding granulosa cells while KITL binds to 
KIT membrane receptors to trigger oocyte growth [75, 76]. 
 This stimulates the development of the primordial follicle into a primary follicle, 
characterized by proliferation of one to three layers of granulosa cells. Additionally, the 
zona pellucida begins to develop around the maturing oocyte. Granulosa cells continue 
to proliferate and once 3-20 layers of granulosa cells have been accumulated, it reaches 
the secondary follicular stage and is 0.14-0.4mm in diameter [77]. At this point, the 
granulosa cells must develop FSH receptors to for continued growth. Approximately 50 
follicles are recruited and continue on to the antral stage of follicular develop, 
developing a theca cell layer surround the granulosa cells [78]. Additionally, a fluid 
filled antral space begins to form around the oocyte that contributes substantial volume 
resulting in a follicular diameters of 1-6mm [78]. From this recruited cohort, 12-20 
follicles are selected for continued growth and ovulation and reach a diameter of 8-
10mm. For selection to occur, a follicle’s theca cells must synthesize LH receptors [79].  
After ovulation, the remaining granulosa cells undergo luteinisation and transition into a 
corpus luteum (CL).  
1.5.3 Endocrine Control of Gametogenesis 
 Gametogenesis in both genders is dependent on cyclic releases of hormones from 
endocrine glands for proper function. The hypothalamus releases pluses of gonadotropin 
releasing hormone (GnRH) which travels through the hypophyseal portal system and 
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stimulates the release of follicle-stimulating hormone (FSH) and luteinizing hormone 
(LH). In the male, LH stimulates testosterone production by Leydig cells. These 
specialized cells are located in the interstitial space surrounding the seminiferous tubules 
of the testes. Testosterone is required for spermatogenesis and is concentrated within the 
seminiferous tubules by sertoli cells producing androgen binding protein. Sertoli cells 
also produce inhibin and are stimulated by FSH to convert testosterone to estradiol. 
Estradiol as well as testosterone negatively feedback on the hypothalamus to inhibit the 
release of GnRH. Over a course of several hours, the levels of estradiol and testosterone 
decrease, lifting the inhibition of GnRH release and beginning another cycle 
approximately every 4 hours.   
 The corpora lutea dictates the sow’s estrous cycle and fate of developing follicles. 
This period of progesterone secretion by the corpus lutea is known as the luteal phase and 
consists of the initial 13-15 days of the sow’s estrous cycle. During this time the sustained 
secretions of progesterone negatively feedback to the hypothalamus and anterior pituitary 
to inhibit the release of GnRH, FSH, and LH. Throughout the luteal phase, activation of 
primordial follicles continues in a wavelike manner. Follicles that reach the late secondary 
stage during the luteal phase will undergo atresia due to suppression of FSH [78]. Between 
12 and 14 days after ovulation, the corpora lutea develop prostaglandin receptors [80]. If 
pregnancy does occur, the developing conceptus produces estrogens that direct the release 
of prostaglandin into the lumen of the uterus [81]. If pregnancy does not occur,  
approximately around 15 days after ovulation the endometrium of the uterus will release 
prostaglandin into the circulatory system that triggers luteolysis of the corpora lutea [81]. 
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 The destruction of the corpora lutea ceases progesterone secretion and removes the 
block on the hypothalamus and pituitary and the sow transitions into the follicular phase 
of the estrous cycle. During the follicular phase, FSH supports the growth of late 
secondary follicles [78]. The theca cells of these large follicles produces androstenedione 
that diffuses into the granulosa cell layer which converts it to estradiol. The levels of 
estradiol continue to increase before peaking at day 19 that stimulates a surge of LH 
needed for ovulation at day 21 of the estrous cycle. After ovulation, the formation of new 
corpora lutea restarts the estrous cycle.  
1.6 Fertility Control in Vertebrate Pests 
1.6.1 Considerations for Fertility Control  
Currently fertility control is receiving increased attention as a potential solution 
to manage mammalian pest populations. For effective fertility control implementation, it 
will have no adverse side effects, will inhibit fertility for at least one reproductive 
season, and ideally work in both sexes. Further, fertility control strategies should be cost 
effective in production and distribution, have no adverse impacts on ecosystems, limit 
consumption by non-target species, and be stable under a wide range of field conditions. 
[82, 83]. At this time, there is not a fertility control method approved for use in wild 
pigs. The conserved nature of mammalian reproduction allows fertility control strategies 
to work in multiple species. 
1.6.2 Immunocontraceptives 
One such method to decrease fertility is through injectable 
immunocontraceptives, which utilize the body’s own immune system to create 
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antibodies that target specific reproductive proteins and hormones. For example, 
fertilization requires the spermatozoa to bind to and penetrate the zona pellucida (ZP) 
that surrounds the ovum. The porcine ZP (PZP) immunocontraceptive stimulates the 
body to produce antibodies that bind to the zona pellucida of the ova preventing 
spermatozoa adhesion thereby blocking fertilization [84]. This has been shown to be 
effective in numerous mammalian species but not in wild pig  
Although PZP was ineffective in wild pigs, GonaconTM, another 
immunocontraceptive strategy has proven effective in captive wild pigs. Both 
spermatogenesis and folliculogenesis rely upon the stimulatory action of GnRH. 
GonaconTM acts by stimulating the immune system to produce GnRH antibodies thereby 
blocking the release of FSH and LH from the pituitary [85]. Wild sows receiving this 
vaccination were infertile for up to six years [86].  No studies have evaluated the impact 
of GonaConTM on wild boar fertility but early trials in domestic pigs resulted in 
reductions of testes volume and plasma testosterone. Histological evidence in the testes 
also suggested a negative impact on spermatogenesis [87]. However, while GonaconTM 
was effective in reducing fertility of wild pigs, injectable immunocontraceptives are not 
suitable for field application. Administration of injectable vaccines would require an 
extensive trapping program that would have considerable labor costs. Adaptation of 
GonaconTM into a similar product as RABORAL V-RG, a system designed to vaccinate 
foxes, coyotes, and raccoons through coating of the mucosa membrane of the oral cavity 
could prove more efficacious for field use [88].  
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1.6.3 Fertility Control Bait 
 It would be advantageous for a bait that upon consumption reduces the 
reproductive capabilities of wild pigs. Distribution of a fertility control bait (FCB) over 
large areas would be less invasive then large-scale hunting and an efficacious method to 
administer to a large proportion of the population in comparison to trapping and 
vaccination. Early attempts by Sanders et al [89] to create a FCB in wild pigs using the 
industrial chemical ERL-4221, a potentially ovotoxic compound, were unsuccessful as 
sows showed no reduction in ovarian follicles. It is possible that a higher dose of ERL-
4221 is necessary to induce reductions in ovarian follicles, but the design of the bait and 
the bitterness of ERL-4221did not allow for investigating higher doses. Increasing the 
concentration of ERL-4221 in the bait led to adverse reactions during consumption 
including rolling in the bait and excessive salivation.    
Since this time, a fertility control product for rats has been developed and is 
showing considerable promise as it has been recently approved for use by the 
Environmental Protection Agency (EPA) [90]. This product contains two active 
ingredients, triptolide and 4-vinylcylcohexene diepoxide (VCD). Triptolide, a 
diterpenoid diepoxide, is isolated from the ancient Chinese medicinal plant Tripterygium 
wilfordii (figure 1.1). Historically, triptolide has been utilized clinically to treat 
rheumatoid arthritis and systemic lupus due to its anti-inflammatory and 
immunosuppressive properties [91, 92]. Recently, triptolide has been receiving increased 
attention as a potential treatment for cancer [93]. The other active ingredient, VCD is an 
 19 
 
industrial chemical that has been previously used to create a menopausal rodent model  
[94, 95]. 
 
 
 
 
  
 
 
Both triptolide and VCD impair gametogenesis in both sexes.  In the female, the 
immature oocyte within the primordial follicle is maintained by the surrounding 
granulosa cells through kit-ligand (KITL) and c-kit paracrine signally. KITL functions to 
prevent apoptosis and trigger follicle activation [96]. VCD disrupts this process by 
Figure 1.1 Triptolide and VCD. Left, chemical structure of 4-vinylcyclohexene diepoxide (VCD). 
Right, chemical structure of triptolide  
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reducing c-kit mRNA expression on the plasma membrane of the immature oocyte 
thereby decreasing KITL stimulus. Intraperitoneal injection of VCD in rats (160mg/kg) 
for fifteen days, resulted in depletion primordial follicles after 15 days, and depletion of 
primary follicles occurred 31 days after treatment [94]. The breakdown in 
communication between the granulosa cells and oocyte causes follicles to undergo 
atresia. As a result, a decrease in the prevalence of primary follicles occurs, exasperating 
the effects of VCD as primary follicles produce anti-müllerian hormone (AMH), which 
acts to inhibit primordial follicle activation. Reductions in the inhibitory action of AMH 
allows more primordial follicles to attempt to activate but are inhibited by the decreased 
KITL stimulation [97].  
  During this time, follicles that mange to escape VCD-induced atresia and reach 
the secondary stages become targets of triptolide as it induces apoptosis of the granulosa 
cells that are supporting the oocyte during folliculogenesis [98]. Triptolide is detoxified 
by cytochrome P450s (CYPs), this process generates reactive oxygen species (ROS) that 
if not properly metabolized can damage plasma membranes, DNA, and cellular 
metabolism [99, 100]. Cellular processes have several defense mechanisms to remove 
ROS, but repeated dosing of triptolide overwhelms them and leads to the accumulation 
of ROS that leads to oxidative stress induced apoptosis. This was confirmed by Zeng et 
al. [101] as apoptotic granulosa cell’s endoplasmic reticulum were producing 78-kDa 
glucose-regulated protein (GRP78) indicative of oxidative stress induced apoptosis [101, 
102]. Together, VCD and triptolide form a two-prong approach to accelerate the 
depletion of ovarian follicular reserves and inhibit the growth of large follicles 
 21 
 
continuing on to ovulation. Consumption of the proprietary FCB containing both 
triptolide and VCD developed by Dyer et al [90] resulted in declines of all ovarian 
follicular stages and no corpora lutea were observed.  
Currently, there is no literature observing the dual effects of triptolide and VCD 
on male fertility. However, Huynh et al [103] observed dosing male rats for 70 
consecutive days with triptolide rendered male rats sterile. At this point, epididymal 
sperm concentration had reduced 85% and all  spermatozoa were immobile [103]. 
Additionally these immobile spermatozoa had severe morphological defects such as 
head-tail separation [104]. Interestingly, 14 weeks after cessation of treatment, four of 
six male rats’ fertility recovered. Upon closer examination after the 70-day treatment 
period, reduced spermatogenic activity was observed within the seminiferous tubules but 
spermatogonial stem cells persisted. These results suggest a transient effect on 
spermatogenesis that spares spermatogonial stem cells, which would explain the 
observed recovery after cessation of treatment. Additional studies since this time have 
shown triptolide to have similar reductions in epididymal spermatozoa concentration and 
motility after only seven days of treatment [105]. This indicates that triptolide also acts 
to disrupt epididymal sperm maturation. 
Triptolide acts to reduce spermatogenic activity, but how it acts in the epididymis 
and testes remains unclear. Previous in vitro studies have observed that Leydig cells are 
susceptible to triptolide induced apoptosis, which would suggest decreases in 
testosterone that would explain decreases in spermatogenesis [106]. Ma et al [107] 
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demonstrated that triptolide treatment alters metabolic pathways of the supporting sertoli 
cells.  
A previous study examining the effects of VCD administration in male rats found 
disruptions in early stages of spermatogenesis by inhibiting the proliferation of 
spermatogonia and meiotic divisions of spermatocytes, manifesting in significant 
reductions in concentrations of epididymal spermatozoa [108]. The effect appears to be 
transient as spermatogonial stem cells persist and recovery occurs after 60 days post 
treatment [108]. At this time, the mechanism of VCD inhibiting spermatogenesis is 
unknown. Overall, triptolide and VCD have been shown to disrupt early and late stages 
of gametogenesis in both sexes of several mammalian species but their effects in pigs 
have yet to be evaluated [90, 103, 109, 110].  
1.7 Development and Evaluation of a FCB for Wild Pigs 
1.7.1 Development of a FCB 
  For this FCB to be effective in pigs, consumption must occur in large enough 
amounts so high enough doses of triptolide and VCD are ingested. Previous field studies 
have observed that fish and peanut butter flavors are common bait additives [51, 111, 
112]. Additional studies observed pigs preferred strawberry and other fruit flavored baits 
[113]. Jointly, this suggests that a palatable bait should include fat-rich and sweet 
flavors. This lead to the development of a proprietary FCB that is a liquid that largely 
consists of sweetener and vegetable oil as wild pigs prefer sweet (artificial fruit) and fat-
rich (peanut butter and fish) flavors [111, 113].  
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To evaluate the palatability and efficacy of the FCB, this study was composed of 
four individual experiments. The first experiment, the preference trial,  focused on 
developing and evaluating a palatable FCB. Initially, the preference trial utilized inactive 
bait, without the active ingredients triptolide and VCD, to determine if pigs would prefer 
liquid or food-based bait. This was examined as it is possible that a liquid bait will be 
efficacious in regions where water is a limited resource.  
Based upon the results of the preference trial, the bait that is most palatable will 
be used during the second experiment. If after the preference trial, no bait is determined 
to be palatable, modification of the bait will occur. The second experiment was designed 
to evaluate the palatability of the active ingredients, triptolide and VCD. If the active 
bait was determined to be palatable, it would be utilized in the third and efficacy 
experiments to evaluate impacts on pig fertility.  
1.7.2 Efficacy of FCB  
 The third experiment was designed to evaluate long-term consumption of active 
FCB and reductions in fertility in boars as a result. Evaluating artificially collected 
ejaculates before, during, and after the feeding period will allow for monitoring of 
changes in seminal parameters indicative of fertility. Additionally, observing testes 
volume will allow for evaluation of potential changes in spermatogenesis that manifest 
by altering the size of the testes. Further, the endocrine system will be monitored 
through monitoring of plasma testosterone levels (figure 1.1). Due to triptolide and 
VCD’s dual action in the testes and epididymis, we hypothesized to find a decrease in 
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seminal quality, testes volume, and testosterone levels suggestive of a reduction in 
fertility. 
The fourth experiment will evaluate long-term consumption of the active FCB 
and changes in gilt fertility as a result. Fertility will be assessed through evaluation of 
parameters indicative of potential fertility in comparison to gilts receiving inactive bait. 
Before, during, and after the 15-day active feeding period, serum samples of AMH were 
analyzed as an indicator of changes in primordial follicle reserve (figure 1.2). Further, 
the density of follicles in ovarian tissue of control and treated animals was determined 
under histological evaluation. The mass of an ovary is an indicator of the relative 
presence of large antral follicles and was compared between the two treatment groups at 
the completion of the study. Additionally, the amount and diameters of observable 
Figure 1.2 Boar efficacy timeline. Experimental Design of the boar efficacy study. Top arrows 
indicate how long each phase. Below, Day (D) indicates at what point data fertility parameters were 
collected. 
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follicles on the surface were measured to estimate antral follicle populations. We 
hypothesized to find a decrease in the amount of observable follicles and mass of the 
ovary as well as decreases in follicle densities and serum AMH levels indicative of 
follicle depletion. 
Figure 1.3 Sow efficacy timeline. Experimental Design of the sow efficacy study. Top of figure 
outlines the length of each phase in treatment animals. Bottom of figure outlines length of each phase 
in control animals. Day (D) indicate at what point blood was drawn for AMH assay 
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CHAPTER II 
MATERIALS AND METHODS 
2.1 Preference Trial 
2.1.1 Animal Care 
This study was completed at the Texas A&M Veterinary Medical Park (VMP) in 
College Station, Texas. Six Sinclair pigs (three boars and three sows) between one and 
four years of age were sourced from Texas A&M University Reproductive Sciences 
Laboratory colony housed at VMP. The animals were housed individually inside a 
temperature-controlled environment to minimize weather-induced variables.  All animal 
handling, housing, and care procedures were approved by the Institutional Animal Care 
and Use Committee at Texas A&M (2015-0155). 
2.1.2 Bait Manufacturing 
The proprietary inactive liquid FCB consisted largely of water, vegetable oil, 
surfactant, and sweetener. Baits were manufactured by Senestech, Inc.’s production 
facility located in Flagstaff, Arizona. 
2.1.3 Feedings 
Each pig was provided each treatment for five days with two days rest between 
treatments. The rotation through each treatment was randomized. Water was withheld 
overnight (~12 hours) prior to treatment. The four treatments consisted of inactive bait, 
water, water plus pig feed, and control bait plus pig feed. The amount of liquid (water or 
inactive bait) was determined through a ratio of 0.5mL of liquid to one gram of daily 
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ration of pig feed. For treatments that included feed, half of the daily ration of pig feed 
was mixed with the inactive FCB.  
2.1.4 Observation Scores 
All feedings were viewed by three observers for 30 minutes or until the entire 
treatment was consumed (which ever occurred first).  In each case, the feeding behavior 
was scored and described, including an estimate of the amount consumed. Palatability 
scores were assigned to each as 1, 2, 3 or 4.  Score 1 = consumed readily, high 
palatability; 2 = consumed some, medium palatability; 3 = consumed reluctantly, low 
palatability; 4 = consumed very little, non-palatable. 
2.2 Palatability of Active Ingredients 
2.2.1 Animal Care 
This study was completed at VMP in College Station, Texas. The same six 
Sinclair pigs (three boars and three sows) used in the initial palatability study were use in 
this study. These pigs were sourced from Texas A&M University Reproductive Science 
Laboratory colony housed at VMP. The animals were housed individually inside a 
temperature-controlled environment to minimize weather-induced variables.  All animal 
handling, housing, and care procedures were approved by the Institutional Animal Care 
and Use Committee at Texas A&M (2015-0351). 
2.2.2 Bait Manufacturing 
Inactive and active liquid FCB was modified from the original formulation to 
include gelatin and strawberry flavoring. Gelatin was added to solidify the bait into 250g 
blocks based on the results from the initial palatability study. Strawberry flavoring was 
28 
added as it was highly palatable in previous bait studies with wild pigs [113]. Active 
FCB (250g) contained the two active ingredients triptolide (0.25mg) and VCD 
(54.25mg) respectively.  Baits were obtained from Senestech, Inc.’s production facility 
located in Flagstaff, Arizona. 
2.2.3 Feedings 
The objective of this experiment was to determine if the inclusion of the active 
ingredients in FCB would be less palatable in comparison to inactive bait. Pigs were 
alternated between inactive and active FCB (figure 3.1) to determine if a negative 
reaction occurred during active consumption leading to avoidance of bait independent of 
treatment type. 
Day 1 
Inactive 
Day 2 
Inactive 
Day 3 
Active 
Day 4 
Active 
Day 5 
Active 
Day 6 
Inactive 
Day 7 
Inactive 
Day 8 
Active 
Day 9 
Active 
Day 10 
Active 
Day 11 
Inactive 
Day 12 
Active 
Day 13 
Active 
Day 14 
Active 
Feedings occurred twice daily, 8 hours apart. Preliminary feeding studies found 
pigs preferred the solidified FCB cut into small pieces. Inactive and active FCB (250g 
blocks) were cut into 2cm cubes and mixed with half of each pig’s daily ration of feed 
during each feeding period.  Feedings were observed for 30 minutes to identify 
Figure 2.1: Feeding schedule of the secondary palatability study. 
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differences in feeding behavior and to monitor health. Any remaining bait after the 30-
minute feeding period was removed and weighed to estimate total consumption. 
2.3 Boar Efficacy Study 
2.3.1 Animal Care 
The study was completed at VMP in College Station, Texas.  Four Sinclair boars 
around one year of age were sourced from Texas A&M University Reproductive Science 
Laboratory colony housed at VMP. Due to limited availability, an additional three 
commercial boars (8 months of age) were purchased from the Texas Department of 
Corrections (TDOC). Boars were individually housed inside a temperature-controlled 
environment to minimize weather-induced variables on consumption and fertility 
parameters.  All animal handling, housing, and care procedures were approved by the 
Institutional Animal Care and Use Committee at Texas A&M (2015-0351). 
2.3.2 Fertility Control Bait 
Inactive and active FCB was obtained from Senestech, Inc. Active FCB (250g) 
contained triptolide (0.25mg) and VCD (54.25mg). 
2.3.3 Feedings 
Seven boars (four Sinclair and three commercial) were initially provided inactive 
FCB twice daily for five days (inactive phase) to adjust to FCB. Immediately following, 
boars were provided active FCB for 15 consecutive days (active phase) (figure 1.1). 
Feedings consisted of 250g of 2cm cubes of inactive or active FCB. Feedings were 
observed for thirty minutes or until all bait was consumed. 
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2.3.4 Semen Collection 
Boars were trained to mount a “dummy” and semen was collected using the 
gloved hand technique at day 0 (day prior to receiving active), 7, 15, 30, 37, 45, and 60. 
The sperm rich fraction of the ejaculate (appears milky) was collected into a 
thermoinsulated cup lined with a semen collection bag to maintain temperature during 
collection. Positioned across the opening of the thermoinsulated cup was sterile gauze to 
filter out seminal plug. After collection, the semen collection bag was immediately 
placed in a 35° water bath and transported to the laboratory for immediate analysis. 
2.3.5 Sperm Viability Stain 
To evaluate changes in viability, 5µl of semen was placed onto a pre-warmed 
slide that contained a mixture of 5µl of 10% Nigrosin (blue) and 5µl of 5% Eosin Y 
(red). The stained sperm sample was smeared across the slide using a second slide and 
was dried using a hair dryer. Fifty spermatozoa were observed under 100x (oil 
immersion) by counting 10 spermatozoa per view. Spermatozoa were classified as viable 
(if neck region did not take up stain) or non-viable (spermatozoa did take up the stain, 
appeared pink). 
2.3.6 Sperm Morphology and Abnormalities 
Sperm abnormalities were observed using the previously prepared Nigrosin and 
Eosin stain. Spermatozoa were categorized as either normal or into three groups 
depending on the location of the abnormality as either head, neck, or tail abnormalities. 
Fifty spermatozoa were counted by the same method used in the sperm viability stain. 
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2.3.7 Progressive Motile Spermatozoa (PMS) 
To observe progressive motility, fresh semen sample (5µl) was placed onto a pre-
warmed microscope slide and cover slipped and observed under 40x magnification at the 
same time points as viability and morphology. Five views were observed and the 
percentage of spermatozoa with progressive motility was estimated and placed onto a 
scale 0-5; 0= 0-10%, 1= 10-25%, 2= 25-50%, 3= 50-70%, 4= 70-90%, and 5=90-100% 
as previously outlined by Martinez et al. [114]. 
2.3.8 Semen Concentration 
Five µl of the semen sample was diluted into 995 µl of water (1:200 dilution). 
Ten µl of the dilution was placed into each well of a hemocytometer. The 
hemocytometer was viewed under 40x magnification and the five diagonal blocks were 
counted. The average between the two counts was averaged and concentration was 
calculated using the following formula: 
 Concentration (Sperm/mL of semen) = N x 5 x DF x 10,000
N = the averaged count from the hemocytometer. Five (5) = correction factor 
from counting only 5 of the 25 squares. DF = dilution factor, which was 200 in this 
experiment. 10,000 = correction factor due to the volume beneath the cover slip of 
0.0001 ml per chamber. 
2.3.9 Testes Volume 
Testes volume measurements of each boar was taken at day 0, 15, 30, 45, and 60. 
Testes volume was calculated by measuring the length and width of each testes. 
Measurements from the right and left testes were averaged. Volume was estimated using 
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the formula for a prolate sphere, V=4/3πab2. Where V= Volume, a= a axis or half of the 
length, b= b axis or half of the width (Figure). Average volume between individual testes 
was divided by bodyweight to calculate gonadosomatic index (GSI). 
2.3.10 Testosterone Levels 
Blood (10ml) was collected from either the cranial vena cava or the 
brachiocephalic vein at Day 0, 15, 30, 45, and 60.  Blood was centrifuged at 2000 rpms 
for 45 minutes. Serum was separated from the hematocrit and divided into 1mL aliquots 
and frozen at -80°C until testing. Testosterone assay was performed by the Texas A&M 
Veterinary Medical Diagnostic Laboratory (TVMDL). 
3.3.11 Testes Histology 
Testes biopsies were collected and placed into modified Davidson’s solution for 
48 hours. Fixed tissue was then placed in 70% ethanol until processing. Processed tissue 
was embedded in paraffin was and sectioned at 4μm. Representative samples from each 
individual was placed on a slide and stained with hematoxylin and eosin. 
Figure 2.2 Prolate sphere. The volume of a testes, a prolate sphere is calculated by V=4/3πab2. 
Where “b” is half of the width and “a” is half of the length 
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2.4 Sow Efficacy Study 
2.4.1 Animal Care 
This study was completed at VMP in College Station, Texas.  Three cyclic 
Sinclair gilts (6-12 months of age) were sourced from Texas A&M University 
Reproductive Science Laboratory colony housed at VMP. Due to limited availability, 
nine additional cyclic commercial gilts (6-12 months of age) were purchased from 
TDOC. Gilts were individually housed inside a temperature-controlled environment to 
minimize weather-induced variables on consumption and fertility parameters.  All 
animal handling, housing, and care procedures were approved by the Institutional 
Animal Care and Use Committee at Texas A&M (2015-0351). 
2.4.2 Fertility Control Bait 
The same solidified strawberry flavored bait as used during the secondary 
palatability study was used in this study. In the active FCB, concentrations of triptolide 
and VCD were 0.25mg of triptolide and 54.25mg of VCD, respectively.  Baits were 
manufactured by Senestech, Inc.’s production facility located in Flagstaff, Arizona. 
2.4.3 Feedings 
Twelve gilts (three Sinclair and nine commercial) were initially provided inactive 
FCB twice daily for five days (inactive phase) to adjust to FCB. Next, gilts were divided 
evenly into inactive (four commercial and two Sinclair) and active (one Sinclair and five 
commercials) groups (Figure 1.2). Feedings occurred twice daily, approximately eight 
hours apart. Feedings consisted of 250g of 2cm cubes of inactive or active FCB. Bait 
was mixed in with half of each boar’s ration of dry feed. Feedings were observed for 
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thirty minutes or until all bait was consumed. Remaining bait after the thirty minute 
feeding was removed and weighed. 
2.4.4 Ovary Collection and Large Follicle Measurements 
Ovaries were removed and infundibulum, fat, or non-ovarian tissue was trimmed. 
Left and right ovaries were weighed and diameters of all large growing follicles were 
measured and classified. Visible surface follicles were measured using calipers and 
classified as small (<3.00mm), medium (3.00-6.900mm), or large (>7.00mm) [78]. 
2.4.5 Ovarian Histology and Follicle Counts 
After removal, weighing, and surface follicular measurements, ovaries were cut 
in half longitudinally with a scalpel and placed into a solution of 10% neutral buffered 
formalin. Halves of each ovary were removed, crosswise to create approximately 5mm 
thick sections and placed into individual cassettes. Ovarian tissue was processed in 
ascending concentrations of alcohol and embedded in paraffin wax. From each gilt, three 
random slices were selected from the left ovary. These slices were then sectioned at 
5μm, and every 50th section placed on a microscope slide and stained with Harris 
hematoxylin and eosin. Follicles were counted as outlined by Griffin et al [115]. 
Follicular density was calculated by totaling all follicles in each category counted and 
divided by total volume.  
2.4.6 Anti-Mullerian Hormone Assay 
Blood (10ml) was collected from either the cranial vena cava or the 
brachiocephalic vein at Day 0, 15, 30, 45, and 60.  Blood was centrifuged at 2000 rpms 
for 45 minutes. Serum was separated from the hematocrit and divided into 1mL aliquots 
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and frozen at -80°C until testing. Plasma concentrations of AMH were measured using a 
AMH ELISA kit (antibodies-online Inc., Atlanta, Georgia) according to manufactures 
instructions.  
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CHAPTER III 
RESULTS 
3.1 Preference Trials  
3.1.1 Bait Consumption 
 To determine whether pigs would show a preference for a liquid or food-based 
bait, each pig was randomly assigned through four treatments. These treatments 
consisted of water, inactive FCB, water mixed with dry pig feed, and inactive FCB. 
Three observers rated each feedings session on a scale of 1-4, with one indicating high 
palatability and four as non-palatable. Pigs fed either water or liquid bait showed little to 
no interest when offered. However, palatability was significantly higher in pigs offered 
food-based treatments in comparison liquid treatments.  (Figure 3.1). However, no 
significant difference was observed between the two liquid treatments as well as 
between the two food-based treatments.  
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3.2 Palatability Results 
3.2.1 Inactive and Active Bait Consumption 
 To determine if the inclusion of triptolide and VCD in the FCB reduced 
consumption and caused changes in feeding behavior, six Sinclair pigs (three male and 
three female) were assigned an alternating feeding schedule. No significant difference was 
found between inactive and active bait (Figure 3.2). Five of six pigs consumed both 
Figure 3.1 Palatability scores of liquid bait, water, liquid bait & feed, and water & feed during 
the preference trial. Average observation scores (n=120) were averaged for each of the four 
treatments. Palatability was observed on a 1-4 scale, with one indicating high palatability and four low 
palatability. ANOVA multiple comparisons. 
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inactive and active FCB with no discernable difference in feeding behavior. One sow was 
initially observed consuming both treatment types with no observable changes until D8. 
From D8-14 consumption was erratic, with no observable association with alterations with 
treatment type (figure 3.3). 
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Figure 3.2 Consumption of inactive and active fertility control bait during the palatability trial. 
Average consumption of inactive and active fertility control bait during all feeding periods. Student t-
test (p>0.05). 
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3.3 Boar Efficacy Study 
3.3.1 Bait Consumption and Active Dose 
To determine if consumption of a FCB would decrease with prolonged 
consumption in boars, seven boars (four Sinclair and three commercials) were fed twice 
daily for 15 days the active FCB. Prior to the 15-day treatment period, pigs were fed 
inactive bait for five days. Commercial boars consumed entirety of bait during all 
feeding periods with no difference between inactive and active (figure 3.4). Sinclair 
boars consumed significantly more treatment bait than control bait (figure 3.5). Boar S3 
Figure 3.3 Individual daily consumption. Individual daily consumption (g) by each pig during the 
second phase. Inactive (C) and Active(T) indicate type of treatment received each day 
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consumed significantly less active bait in comparison to other boars (figure 3.6). 
Differences in consumption and weight resulted in variable dose of triptolide and VCD 
among individual boars (figure 3.6 and 3.7) 
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Figure 3.4. Consumption of inactive and active fertility control bait by commercial boar during 
the boar efficacy study. Average daily consumption of commercial (com.) boars between pre-bait 
(control bait) and treatment (treated bait) periods. Student t-test (p>0.05). 
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Figure 3.5 Consumption of inactive and active fertility control bait by Sinclair boar during the 
boar efficacy study. Average daily consumption of Sinclair (Sin.) between pre-bait (control bait) and 
treatment (treated bait) periods. Student t-test (p<0.05). 
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Figure 3.7 Average daily dose of triptolide received by each boar. Average dose (mg/kg) of 
triptolide consumed daily by each boar during the 15-day feeding period by Sinclair (S) and 
Commercial (C) boars. 
Figure 3.6 Individual boar consumption of active fertility control during the boar efficacy study. 
Average bait consumption of individual boar during each feeding period. ANOVA multiple 
comparisons. 
 43 
 
S
1
S
2
S
3
S
4
C
1
C
2
C
3
0
1
2
3
4
A v e ra g e   D a ily  V C D  D o s e
In d iv id u a l B o a r
m
g
/k
g
 o
f 
 V
C
D
 
 
 
 
3.3.2 Semen Viability  
 To determine if the FCB affected spermatozoa viability, spermatozoa collected at 
D0, 7, 15, 30, 37, 45, and 60 underwent viability staining. No significant reductions in 
viability were observed at D0,7, and 15. Significant reductions in average viability 
percentage were observed at D37, D45, and D60 in comparison to D0, 7, and 15 (figure 
3.10). Two of five boars had less than 60% viability at D30 (figure 3.9). Four of five 
boars had less than 20% viability from D37-45. Prior to statistical analysis, boar S3 
Figure 3.8 Average daily dose of VCD received by each boar.  Average dose (mg/kg) of  VCD 
consumed daily by each boar during the 15-day feeding period by Sinclair (S) and Commercial (C) 
boars. 
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consumed reduced and inconsistent amounts of bait and was removed for statistical 
analysis (3.10).  
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 Figure 3.9 Individual viability scores at day 0, 7, 15, 30, 45, and 60. The percent viability observed 
at each time point for each boar. Values above the dotted line are considered normal 
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3.3.3 Spermatozoa Morphology 
 To determine if the FCB affected morphology, spermatozoa were observed for 
abnormalities after nigorsin and eiosin staining. Morphological abnormalities were 
counted and categorized based on where the abnormality occurred as either head, neck, 
or tail abnormalities. Total abnormalities were calculated and expressed as a percentage 
of spermatozoa observed to have normal morphology. Prior to statistical analysis, boar 
S3 who consumed reduced and inconsistent amounts of bait was removed from 
statistical analysis (figure 3.6 and 3.7). No significant reductions in normal morphology 
was observed at D0,7, and 15. Significant reductions in normal morphology percentage 
Figure 3.10 Average viability scores at day 0, 7, 15, 30, 45, and 60. Average viability percentage at 
each time point (n=4). Values above the dotted line are considered normal. Asterisks indicate 
significant reductions in viability in comparison to D0/7/15. Kruskal-Wallis (p<0.05). 
* 
* 
* 
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were observed at D37 and D45 in comparison to D0, 7, and 15 (figure 3.11). Sperm 
abnormalities at D37 and D45 largely consisted of decapitated sperm and abnormal 
midpiece causing folding onto the head region (figure 3.12) 
0 7 1 5 3 0 3 7 4 5 6 0
0
2 0
4 0
6 0
8 0
1 0 0
P e rc e n t   N o rm a l M o rp h o lo g y
T re a tm e n t  D a y
%
 N
o
r
m
a
l 
M
o
r
p
h
.
 
 Figure 3.11 Individual normal morphology scores at day 0, 7, 15, 30, 45, and 60. The percent of 
spermatozoa with normal morphology observed at each time point for each boar. Values above the 
dotted line are considered normal 
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Figure 3.12 Average normal morphology at day 0, 7, 15, 30, 45, and 60. Average normal 
morphology percentage at each time point. Values above the dotted line are considered normal. 
Asterisks indicate significant reductions in morphology in comparison to D0/7/15. Kruskal-Wallis 
p<0.05. 
* * 
Figure 3.13 Morphological abnormalities commonly seen 30-45 days post treatment. Black asterisks (*) 
indicate tailless heads, downward green arrows indicate midpiece folding, blue arrows indicate midpiece 
swelling, and yellow arrows indicate decapitated spermatozoa 
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3.3.4 Progressive Motility 
 To determine if the FCB impacted progressive motility, wet mounts of fresh 
ejaculates were observed before, during, and after the study. Progressive motility (PM) 
was observed and rated on a 0-5 scale. PM values under 3 were considered subfertile 
[121]. PM in all boars was observed to be in normal ranges at D0, 7, and 15. Samples 
observed at D37 and D45 had little to no observable motility and high incidence of 
spermatozoa aggregating. One boar at D30 was observed to be subfertile. Four of five 
boars were subfertile from D37-60 (Figure 3.11). One boar that was observed to have 
consumed less FCB was not included for statistical analysis. Significant reduction in 
progressive motility was observed at D37 and D45 (Figure 3.13). 
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Figure 3.14 Individual progressive motility at day 0, 7, 15, 30, 45, and 60. Progressive motility of 
ejaculates scores observed at each time point for each boar. Values above the dotted line are 
considered normal. 
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3.3.5 Semen Concentrations 
To determine if the FCB reduced concentration of spermatozoa in collected 
ejaculates, freshly collected semen was diluted and counted using a hemocytometer. 
Spermatozoa in samples collected at D37 and D45 had high incidences of aggregating 
together, however no significant reductions were observed at any time point. Two boars 
were observed to trend downwards at D37 and D45 (Figure 3.13). 
Figure 3.15 Average progressive motility at day 0, 7, 15, 30, 45, and 60. Average morphology 
percentage at each time point (n=4). Values above the dotted line are considered normal. Asterisks 
indicate significant reductions in PM in comparison to D0/7/15. Kruskal-Wallis p<0.05.
* *
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Figure 3.16 Individual seminal concentrations at day 0, 7, 15, 30, 45, and 60. Individual semen 
concentrations at each time point throughout the study. 
Figure 3.17 Average seminal concentrations at day 0, 7, 15, 30, 45, and 60. Average semen 
concentrations at each time point throughout the study. Kruskal-Wallis p>0.05. 
52 
3.3.6 Gonadosomatic Index 
Gonadosomatic Index (GSI) was estimated throughout the study to determine if 
alterations in spermatogenic activity would manifest in changes in testes volume. No 
significant changes in GSI were observed at any time point (figure 3.18). One boar was 
observed to have reduced testes volume. 
0 1 5 3 0 4 5 6 0
0
1
2
3
4
5
In d iv id u a l  G o n a d o s o m a tic   In d e x
T re a tm e n t D a y
G
S
I
S 1
S 2
S 3
C 1
C 2
S 4
C 3
Figure 3.18 Individual boar gonadosomatic index at day 0, 15, 30, 45, and 60. Individual boar 
Gonadosomatic index (GSI) (testes volume (cm3)/ bw (kg)) at each time point.   
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3.3.7 Plasma Testosterone Levels 
To determine the effect of FCB on plasma testosterone levels, blood was sampled 
before, during, and after the active feeding period. No significant differences in plasma 
testosterone were observed (figure 3.19) 
Figure 3.19 Average boar gonadosomatic index at day 0, 15, 30, 45, and 60. Average boar 
Gonadosomatic index (GSI) (testes volume (cm3)/ bw (kg)) at each time point. Kruskal Wallis 
(p>0.05). 
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3.3.8 Testes Histology 
 To determine the effects of the fertility control bait had on spermatogenic 
activity, testes sections were stained with hematoxylin and eosin. All but one boar had 
normal spermatogenic activity (figure 3.20). 
 
Figure 3.20 Testosterone levels at day 0, 15, 30, 45, and 60. Average plasma testosterone before and 
after the active feeding period.  Kruskal Wallis (p>0.05). 
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3.4 Sow Efficacy Study  
3.4.1 Bait Consumption and Dose 
 To evaluate differences in consumption of the FCB, gilts were placed into control 
and treatment groups. All gilts consumed the entirety of bait at all time points throughout 
the feeding period. No significant differences in consumption between the two groups 
were observed (figure 3.16). One sow in the treatment group became ill and ceased 
consumption of both active bait and dry feed during the feeding period and was removed 
from the study.  
 
Figure 3.21 Seminiferous tubule morphology. Left, representative seminiferous tubules of boar at 
D60. Right, representative sample from seminiferous tubule from boar that did not have normal 
spermatogenic activity.  
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3.4.2 Ovarian Mass and Gonadosomatic Index  
 To determine if consumption of FCB caused a reduction in GSI indicative of 
decreases in the amount of large growing follicles, ovaries were removed after 
euthanasia and weights of left and right ovaries were summed and divided by 
bodyweight to calculate GSI. A significant reduction in GSI was observed between 
control gilts (18.94g) and treated gilts (8.648g) (figure 3.21). 
Figure 3.22 Gilt inactive and active bait consumption. Average daily consumption of inactive and 
active fertility control bait. Student t-test (p<0.05)  
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3.4.3 Large Follicle Prevalence 
 To determine if the active feeding period reduced the number of observable 
growing follicles on the ovary, observable follicles were counted and measured using 
calipers. A significant reduction was observed in the amount of large growing follicles in 
treated gilts in comparison to control gilts (figure 3.22) 
Figure 3.23 Gonadosomatic index of inactive and active gilts. Comparison of gonadosomatic index 
(GSI) between inactive and active gilts. Kruskal-Wallis (p<0.05). 
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3.4.4 Primordial, Primary, and Secondary Follicular Densities 
 To determine if the active feeding period reduced the number of pre-antral 
follicles, random samples from the left ovary of each gilt were serially sectioned. Every 
50th section was stained, counted, and volume calculated. The follicular density of each 
section was calculated by dividing the counts of each follicular type by the volume. A 
significant decline in the density of primordial follicles was observed in the active group 
(figure 3.23). Primary follicle density was also significantly reduced in the active group 
Figure 3.24 Prevalence of large antral follicles in inactive and active gilts. Comparison of average 
large follicle (>5mm) between inactive and active gilts. Kruskal-Wallis (p<0.05). 
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(figure 3.24). A significant reduction in secondary follicle density occurred in the active 
group (figure 3.25).   
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Figure 3.25 Primordial follicle density in inactive and active gilts. Comparison of primordial 
follicle density (primordial follicle per mm3 of tissue) between inactive and active gilts. Student t-test 
(p<0.05). 
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Figure 3.26 Primary follicle density in inactive and active gilts. Comparison of primary follicle 
density (primary follicle per mm3 of tissue) between inactive and active gilts. Student t-test (p<0.05). 
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3.4.5 Anti-Mullerian Hormone Assay  
 To determine changes in serum AMH levels before and after the treatment 
period as well as in comparison to the inactive group, serum samples were run through a 
commercially available AMH ELISA kit. No significant changes were observed in the 
active group over time or in comparison to the inactive group at D60 (figure 3.26 and 
3.27). 
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Figure 3.27 Secondary follicle density in inactive and active gilts. Comparison of secondary follicle 
density (primary follicle per mm3 of tissue) between inactive and active gilts. Student t-test (p<0.05). 
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Figure 3.28 Serum Anti-Mullerian hormone level over time in active gilts. Comparison of serum 
AMH levels at D0, D15, and D50. Kruskal Wallis (p>0.05). 
Figure 3.29 Serum Anti-Mullerian hormone level in active and inactive gilts. Comparison of 
serum AMH levels between active and inactive groups at D50. Kruskal Wallis (p>0.05). 
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CHAPTER IV 
SUMMARY AND CONCLUSIONS 
4.1 Palatability of Fertility Control Bait 
For a FCB to be effective, high enough amounts of bait must be freely consumed 
for ingestion of efficacious doses. Previous studies established pigs preferred fat-rich 
and sweetened baits, which led to the development of the proprietary FCB implemented 
in these studies. The collective goal of this work was to evaluate the palatability of this 
FCB containing the active ingredients triptolide and VCD for evaluation of its impact on 
fertility in boars and gilts.  
 During the preference trials, it was demonstrated that captive pigs would prefer a 
food-based bait as opposed to a liquid. Pigs would either ignore or flip over bowl of 
water or bait, indicating little interest. When provided with a mixture of either pig feed 
and water or pig feed and inactive bait, pigs would readily consume both mixtures. This 
indicated that a food-based bait would be more palatable. There was no significant 
difference between the additions of water or the inactive bait indicating that both water 
and the bait were similarly palatable. It is possible that water and inactive bait presented 
without feed would have been more palatable if water was withheld from pigs for a 
longer period (>12 hours). As this would simulate scenarios encountered by wild pigs in 
arid regions where water is at a decreased prevalence.  
Based upon the results of the initial trials, the bait underwent reformulation into a 
solid state. Strawberry flavoring was also added to the bait as it is a common feed 
additive for domestic pigs and was preferred in wild pig baiting studies [116]. The 
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second experiment was designed to evaluate differences in consumption and feeding 
behavior between inactive and active bait. Pigs were assigned to a feeding schedule that 
alternated between inactive and active bait. During this study, no difference was found 
between the amount of inactive and active bait consumed indicating that the presence of 
the active ingredients did not dissuade bait consumption.  
One sow was found to decrease consumption of gelatin during the course of the 
study (figure 3.3). Coinciding with this, the sow also had decrease interest in pig feed 
(personal observation). It is possible that latent toxicity had caused aversion to consume 
bait regardless of type but that is unlikely due to the rebound in consumption of active 
bait on day 12. If toxicity had conditioned the sow to avoid consumption of bait, 
decreases in consumption of bait independent of bait type would have occurred. It is also 
possible that consumption of active bait had latent systemic toxicity causing the decrease 
in appetite from day 8-11. The decrease in consumption from day 8-11 may have caused 
the potentially toxic side effects to subside leading to an increase in health of the sow 
explaining the rebound in consumption seen at day 12. It is further possible that an 
illness unrelated to the study could have contributed to decreases in consumption of FCB 
and dry feed.  
 Interestingly, no difference in consumption of inactive and active bait occurred. 
This contradicts previous studies of a similar fertility control product for rats, where 
consumption decreased after the addition of triptolide and VCD [90, 117]. This suggests 
that pigs may have a decreased sensitivity to triptolide and VCD. Earlier investigations 
into a fertility control product for pigs using a similarly structured chemical as VCD, 
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ERL-4221, caused captive wild pigs to vigorously shake their head, excessively salivate, 
and perform body rolls on these baits indicative of an adverse oral reaction [89]. None of 
these behaviors were observed in any pigs during this study, suggesting that the 
inclusion of triptolide and VCD did not cause an adverse reaction during consumption. It 
is concluded that the sow with lowered consumption was an undiagnosed outlier, and 
that the reformulated FCB is a palatable bait suitable for efficacy studies.  
 During the boar efficacy study, active bait was found to be highly palatable over 
the course of the 15-day treatment period. Both forms of bait were readily consumed by 
commercial boars at all time points and was typically preferentially consumed before pig 
feed. Three of four Sinclair boars increased bait consumption over the course of the 
study independent of treatment type. Due to this neophobic response to a novel feed, 
consumption of control bait was significantly lower than in comparison to active bait 
(figure 3.5).   
Boar S3 was observed to have inconsistent consumption of bait and dry feed 
throughout the study. If the bait was unpalatable to Boar S3 it would be expected that the 
boar would avoid the bait and consume only pig feed. This was not the case, as pig feed 
consumption was also inconsistent (personal observation). This suggests that the 
differences in consumption could be attributed to an individual difference in appetite as 
this boar also had variance in consumption of dry feed.  
The difference in feeding behavior between commercial and Sinclair boars may 
be attributed to commercial breeds being artificially selected for higher growth rates that 
require increased appetites. The neophobic feeding behavior observed in Sinclair boars 
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bait could also be more reflective of consumption behavior by wild pigs as Sinclair pigs 
are recent descendants of North American feral pigs, indicating that future studies should 
also utilize inactive bait to acclimate pigs to the FCB.  
During the sow efficacy study, active bait was highly palatable during the 15-day 
treatment period. In contrast to the boar study, no differences in consumption of 
occurred between the breeds. During all feeding periods, all but one gilt consumed the 
entirety of bait and as observed during the boar efficacy study, gilts would typically 
consume bait prior to pig feed. On the 8th day of the treatment period, a commercial gilt 
became lame with a fever (>40°C) and stopped consuming both bait and pig feed. Due to 
this, the commercial gilt was removed from the study and necropsy revealed the gilt was 
suffering from a streptococcus infection. It is unclear why no difference occurred 
between the breeds in gilts. It is possible that Sinclair boars have a pronounced 
neophobic response to a novel feed or bait in comparison to Sinclair gilts.  
Overall, the results of these experiments demonstrated the FCB to be efficacious 
for use in further studies in pigs as it does not cause immediate or long-term toxicity in 
the animal. This study utilized domestic breeds due to availability and ease of handling. 
Although Sinclair pigs are recent descendants of feral pigs, future palatability studies 
should include wild pigs for a more accurate representation of consumption and feeding 
behavior. The FCB in its current form is limited for use in captive pigs and is unsuitable 
for application in field studies. At this time, the bait is solidified by gelatin that typically 
liquefies around 35 C°, which makes it unsuitable for field studies in most regions 
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inhabited by pigs. Previous studies indicated that baits with a paste consistency are more 
efficacious [50, 51] and future studies should test a paste form of this FCB. 
Another important factor to consider for future formulations is wild pigs have a 
well-developed sense of smell and poor eyesight. Baits should be odorous and dyed a 
dark green color to decrease visual stimulation of non-target species [44]. ). Increasing 
the strawberry scent or additions of odorous scents such as a fish or peanut butter could 
increase palatability in field studies [113]. Although pigs have poor eyesight, studies 
have indicated that coloration of the bait alters consumption by wild pigs. Snow et al 
[51] showed success implementing a black peanut paste that microencapsulated sodium 
nitrite. This black peanut paste was artificially dyed black and was preferred over the 
naturally light brown peanut paste. Snow et al [51] suggested that this might be due to 
feral pig’s natural behavior of rooting through dirt, which is typically darker brown or 
black in appearance. This indicates that the modified FCB may have been more palatable 
if altered from a bright pink to a more natural color.  
Collectively, it is recommended that in future studies, FCB to be modified into a 
paste that will be more tolerant of variable weather conditions during field application. 
Additionally, increasing the prevalence of fat-rich flavors such as peanut butter or fish 
oil coupled with dying the bait black might increase palatability. Ultimately, the results 
of this study demonstrated that captive commercial and Sinclair pigs would freely 
consume a bait containing triptolide and VCD, and is a suitable for evaluation of its 
effects on pig fertility.  
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4.2 Boar Efficacy Study 
The boar efficacy study was designed to evaluate the impact of the FCB on boar 
reproductive capacities. In males, fertility is dependent on the production of large 
numbers of functioning spermatozoa. For this bait to be effective in boars, it must 
disrupt either spermatogenesis within the testes or epididymal maturation significantly to 
result in reduced prevalence of functional spermatozoa. Collecting ejaculates prior to, 
during, and after the active phase allowed for monitoring of seminal parameters 
indicative of fertility. Semen was unable to be collected from two boars. From D0, the 
onset of this study to D30, no significant changes were observed in seminal parameters 
(figures 3.8-3.15). Twenty-two days after cessation of the active phase (D37), four of 
five boars had significantly reduced seminal parameters indicative of reduced fertility.  
The viability stain allows for basic evaluation of the overall proportion of 
spermatozoa that were living or viable at the time of staining. Previous studies 
examining viability percentage in boars found insignificant variation between low and 
high fertility boars [118]. It is important to note that while a spermatozoon may be 
deemed viable it does not elucidate on its motility and fertilization capabilities. From D0 
to D15, no changes in viability had occurred, but at D30 one boar experienced a fifty 
percent drop in viability suggesting a decrease in fertility.  
The ability for a spermatozoon to swim in a linear direction or to be 
progressively motile is crucial for it to be able to navigate the female reproductive tract 
and complete fertilization. A portion of each semen sample was observed and rated on a 
0-5 scale [119]. PM can be used as method to estimate potential boar fertility as previous 
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studies have observed that boars with low fertility (<20% farrowing rates) averaged a 
PM score of 3 boars [118]. As seen in the viability stain, no significant changes were 
observed in PM from D0-D30, while boar C2 at D30 possessed a subfertile PM score of 
two.  
Another important attribute for spermatozoa to possess is to have low numbers of 
morphological abnormalities as they can greatly affect viability and motility. The 
proportion of morphologically normal spermatozoa can serve as indicator of fertility as 
high fertile boars (80-100% farrowing rates) average 90% morphologically normal 
spermatozoa while low fertility boars had 60% percent of spermatozoa with normal 
morphology [118]. From D0-D30, only boar C2 at D30 was observed to have a normal 
morphology percentage under 60%.   
The boar is constantly producing large quantities of spermatozoa. Reductions in 
production result in decreases in concentration of spermatozoa within seminal fluid, 
which can influence fertility. Larsson [119] indicated that normal semen concentrations 
in boars should be greater than 107 spermatozoa per mL of seminal fluid. Further, 
changes in concentration indicate disruptions in either spermatogenesis or epididymal 
maturation. As seen in the previous parameters, no decline in seminal concentration was 
observed from D0-D30.  
The lack of change in any of these parameters at any time points indicated that 
epididymal maturation was not immediately affected. During epididymal maturation, the 
cytoskeletal structure of the spermatozoa completes development and becomes motile. If 
immediately disrupted, it would be expected to observe reductions in seminal parameters 
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at D7 or D15 as spermatozoa collected at D15 completed the entire process of 
epididymal maturation during the active phase. This contradicts previous studies in rats, 
that after seven days of intraperitoneal injections of triptolide (60μg/kg) seminal 
concentrations decreased by over fifty percent indicating disruption of epididymal 
maturation.  
The mechanism behind triptolide affecting epididymal maturation has not been 
established. It is most likely due to the generation of ROS during triptolide metabolism 
as observed in the kidney, liver, and ovarian follicles [101, 120]. During 
spermatogenesis and epididymal maturation, reactive oxygen species (ROS) are natural 
by products of these processes [121]. To compensate, the epididymis possesses an 
extensive antioxidant system to prevent the accumulation of ROS leading to oxidative 
stress [122]. The plasma membrane of spermatozoa is made up of considerable amounts 
of polyunsaturated fatty acids making it highly susceptible to perioxidation from ROS 
[121]. Inducing oxidative stress in boar spermatogenesis with lipopolysaccharide, 
resulted in similar abnormalities in spermatozoa observed in previous studies with 
triptolide treated male rats [104, 123]. Collectively, this suggests that increasing the dose 
of triptolide would lead to an increased accumulation of ROS within the epididymis, 
resulting in disruption of the maturation processes.  
At D37 and D45, four of five boars were observed to have less than 20% viable 
sperm. Due to this low proportion of spermatozoa potentially capable of completing 
fertilization between D37 and D45, it is suggestive of a decrease in fertility at these time 
points. Similar reductions in PM in these four boars occurred, as samples collected at 
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these time points typically consisted of large aggregations of immobile spermatozoa. 
Variations in PM between studies is a concern as it is subject to technician variation, 
however the large aggregations of immobile sperm that were prominent at D37 and D45 
would have received substantially lower scores in comparison to samples collected at 
D0,7, and 15 regardless of technician. Further, the PM scores at D37 and D45 were 0.33 
and 0.75, respectively, are well below observed scores in other low fertility boars.  
The observed decreases in viability and PM could be attributed to the large 
proportion of abnormal spermatozoa also observed at D37 and D45, as abnormal 
spermatozoa are unlikely to be viable or motile. At D37 and D45, four of five boars were 
observed to have less than 20% normal spermatozoa indicating fertility had been 
reduced. Severe abnormalities such as head-tail separation were commonly observed at 
these time points. These morphological abnormalities are similar to previous studies 
examining triptolide’s effect on the male reproductive system in rats [103, 104]. It is 
unclear at what point these decapitations occurred. It is possible that abnormalities 
occurred during spermatogenesis or epididymal maturation, and resulted in a weakened 
structure that manifested during the stresses of ejaculation or evaluation.  
The other commonly observed morphological abnormalities were swollen 
midpiece and weakened midpiece attachment, which resulted in the folding over of the 
midpiece onto the head. The swollen midpiece indicates abnormal mitochondrial sheath 
assembly. Improper formation of the mitochondrial sheath has been observed to render 
spermatozoa susceptible to decapitation and folding [124].  This implicates the abnormal 
 72 
 
mitochondrial sheath is causing the decapitations of spermatozoa and folding of the 
midpiece.  
In contrast to the previous parameters, only two of five boars were observed to 
have large reductions in seminal concentrations at D37 and D45. During 
spermatogenesis and epididymal maturation, defective spermatozoa undergo an 
ubiquitination process, marking them for reabsorption or phagocytosis by macrophages 
within the epididymis [125].  It is unclear why this process would not have caused a 
significant reduction in concentration, as large amounts of non-functioning spermatozoa 
observed in this study would certainly be candidates for ubiquitination. It is possible that 
due to the relatively young age (6-12 months of age) of these boars, that sperm 
production could still have been increasing but triptolide and VCD slowed this growth 
resulting in the observed plateaus (figure 3.15 and 3.16). 
As noted, boar S3 was found to have no significant variation in any seminal 
quality parameters throughout the study. Boar S3 consumed inconsistent and reduced 
amounts of bait in comparison to the other boars. Interestingly, due to the smaller size of 
this boar, it was receiving a similar dose (mg/kg) of triptolide and VCD. Previous 
studies, observed that triptolide accumulated in the testes of rats [126] suggesting that 
the dose of triptolide that induces deleterious effects on seminal quality may not be 
weight dependent. 
Boar S3 was removed from statistical analysis due to reduced consumption. 
Upon removal of the outlier, the observed reductions in viability at D37 and D45 were 
found to be statistically significant in comparison to D0, 7, and 15. Further, the 
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reductions in PM and morphology were also significantly reduced at D37 and D45. In 
contrast, no significant changes were observed in seminal concentration were observed. 
Reductions in seminal parameters occurred at D30 in boar C2, while in the remaing 
boars at D37 indicate perturbation most likely occurred between D30 and D37. The 
timing of this onset, suggests the inhibition of latter stages of spermatogenesis had 
occurred.   
It is possible that the breakdown in spermatogenesis was the result of decreased 
testosterone stimulation. Leydig cells, producers of testosterone, have been shown in in 
vitro studies to be susceptible to triptolide triggered apoptosis [106]. No significant 
reductions in plasma testosterone levels were observed, indicating that Leydig function 
and the endocrine system was not responsible for disruptions in spermatogenesis. The 
lack of change in testosterone observed may have been due to the decrease dose of 
triptolide used in this study as rats receiving injections of 60μg/kg of triptolide for seven 
days had reduced plasma testosterone levels suggesting Leydig cell function was 
decreased [107]. In short, it is unlikely that testosterone played a role in the reductions in 
seminal parameters.   
Recently, it was observed that glutathione perioxidases (GP-x4) expression in the 
testes were reduced in male rats after oral gavage of triptolide (0.1mg/kg for 30 days) 
[127]. In infertile men, GP-x4 expression is found to be significantly reduced in 
spermatozoa [128]. Additionally, a structural component of all GP-x4 variants is selenium 
and similar midpiece abnormalities as seen in this study are observed in selenium deficient 
mammals [129]. During metabolic breakdown of triptolide, the epoxide rings are 
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conjugated by glutathione and is catalyzed by GP-x4 [130]. Within developing 
spermatocytes and spermatids, three different forms of GP-x4 are expressed, with 
mitochondrial GP-x4 (mGP-x4) the most prevalent [131]. mGp-x4 not only serves in 
aiding in the metabolism of xenobiotic compounds such as triptolide but also plays a 
significant role in mitochondrial sheath structure [132].  
Specifically knocking out mGP-x4 in mice, resulted in reductions in motility and 
an increase in morphological abnormalities such as swelling and folding of the midpiece. 
Additionally, no decreases in spermatogenic activity occurred suggesting mGPx-4 only 
affects mitochondrial structure of the spermatozoa. Spermatids just prior to spermiation, 
in both triptolide treated rats and mGP-x4 depleted mice appeared morphologically 
normal, but upon reaching the epididymis, folding and disfiguring of the midpiece 
occurred [133]. Collectively this suggests that in this study, that repeated exposure to the 
FCB depleted the GP-x4 within the testes resulting in incomplete midpiece assembly and 
is responsible for the folding and decapitated spermatozoa observed.  
Interestingly, at D60, viability was still significantly reduced yet all other seminal 
parameters began to rebound. This suggests that seminal quality may have also been 
rebounding. Both triptolide and VCD have been found to reduce spermatogenic activity. 
In particular, VCD reduced the prevalence of proliferating spermatogonia and 
spermatocytes in rats. If this had occurred here, it would be expected that the disruption 
in early stages of spermatogenesis would manifest in reduced seminal concentration by 
D60.  
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 Widespread decreases in spermatogenic activity would have reduced diameters 
of seminiferous tubules, which may manifest in reduced testes volume. No significant 
decreases in testes volume was observed. It is possible that reductions in spermatogenic 
activity would only affect testes mass and not volume. Additionally, the small sample 
size of this study coupled with measuring testes on live animals may have decreased 
accuracy of the results. It is possible that increasing the dose of VCD would disrupt early 
spermatogenesis that would cause a marketable decrease in concentration around D60. 
Pigs in this study were receiving 1-2mg/kg of VCD for 15 days which is considerably 
lower in comparison to the 320mg/kg r of VCD received by rats daily for 30 days.  
Overall, the lack of change in testes volume and concentration suggest early stages of 
spermatogenesis were largely unaffected.  
Ideally, the effects of this FCB bait would be permanent or last at least for one 
breeding season. Currently, these data suggest a transient period of subfertility for 
approximately 14-21 days. It is possible that increasing the dose of triptolide and VCD 
would prolong these effects an increased dose of triptolide may disrupt epididymal 
maturation, accelerating the onset of reduced seminal parameters. Further, increasing the 
dose of VCD may prolong the effects of the FCB due to the reduction in early 
spermatogenesis stages. Collectively this could lead to extending these effects for at least 
two months. Inducing subfertility for two months would allow for distribution of FCB 
during known peak breeding times in wild pig populations.  
Ultimately, the results of the boar efficacy study show considerable promise as it 
is unlikely that four of the five boars from D37 and to D45 would have been fertile. 
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Although not significantly reduced at D60, the results suggest that these boars may have 
still been sub fertile. Supplemental work is needed to examine higher doses of the active 
ingredients as well as changes in farrowing and litter rates as this study only examined 
seminal quality as an indicator of fertility. Although increasing the dose may hinder the 
palatability of FCB. It is recommended that in conjunction with investigating varying 
doses of triptolide and VCD that palatability of these new modified baits is also 
investigated. 
4.3 Sow Efficacy Study 
The gilt efficacy study was designed to evaluate the impact of the FCB on the 
reproductive functions of cyclic gilts. In the female pig, fertility is dependent upon the 
production of viable oocytes. For this bait to be effective in gilts, it must successfully 
disrupt folliculogenesis to reduce the amount of ovulated oocytes, thereby decreasing 
potential litter size. To evaluate the efficacy of the FCB in gilts, synchronized cyclic 
gilts were placed into active and inactive groups. At the time of euthanasia, a significant 
reduction in GSI and the prevalence of large antral follicles (>5mm) were observed in 
active gilts. Further, histological examination of ovaries found a decline in the frequency 
of primordial, primary, and secondary follicles in active gilts. In contrast, no difference 
in AMH level was found between the two groups.  
At the end of the study (D50), all gilts were in the follicular phase of the estrous 
cycle. The morphology of the ovary during this phase is characterized by the presence of 
large (>5mm) preovulatory follicles preparing for ovulation and reductions in smaller 
follicular stages. The overall amount of large follicles present at this time contributes 
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significantly to GSI, which can be used as an indicator for the amount of large antral 
follicles as antral spaces contribute a significant portion of ovarian mass. In the active 
group, GSI was significantly reduced (value) in comparison to the active group 
suggesting that a decrease in the amount of preovulatory follicles.  
This was confirmed by enumerating and measuring the large surface follicles. 
The average amount of follicles observed in the active group was significantly lower in 
comparison to the inactive group. This suggests a decrease in fertility in the inactive 
group as a reduced number of oocytes would have been available for ovulation and 
fertilization. King and Williams [134] developed a regression model to estimate litter 
size based off of ovulation rate (OR) and found for every ovum ovulated, litter size 
increased by 0.3 piglets for each ovulated ova. Assuming all antral follicles ovulated and 
none underwent atresia, the estimated average litter size in the active group of 7, a 
modest reduction in comparison to the average litter size of the inactive group (average 
litter size of 9). Although it is possible a greater proportion of these follicles in the active 
group were atretic.  
From initial primordial activation to ovulation on average takes 116 days in pigs 
[77]. Due to this, pre-ovulatory follicles observed at euthanasia were already at the 
secondary change during the active treatment period, indicating these follicles were 
susceptible only to triptolide-induced atresia. Prior to D50, sows came into estrous 
during the late stages of the active phase (approximately D12) and approximately 18 
days after cessation of treatment (D33). Due to the experimental design, it is unclear if 
the previous OR of the previous estrous periods would have been higher or lower as it is 
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unclear at what developmental stage ovarian follicles are most susceptible to triptolide. 
In either case, at D50 the reduced preovulatory follicles observed is suggestive of a 
reduction in fertility. 
During histological evaluation, a similar reduction in density of secondary 
follicular was also observed. After activation, primordial follicles take on average 50 
days to reach the secondary stage, which indicates that secondary follicles observed at 
D50 became activated during the initial days of the treatment period. The decrease in 
secondary follicular density observed suggests that the FCB reduced the activation rate 
of primordial follicles. Further, as these secondary follicles will need another 
approximately 65 days to complete maturation the difference in secondary follicular 
density would most likely manifest as a continued reduction in OR over this time period. 
In short, this suggests that the effects of the FCB would be prolonged past D50. 
In conjunction with decreased secondary follicular density, a significant 
reduction in primary follicles in the active group occurred. Based on the kinetic growth 
rate of porcine folliculogenesis, primary follicles at D50 underwent activation around 
D20 of this study [77]. This suggests the primordial follicle activation continued 
inhibition of primordial activation after cessation of the active phase. Further this would 
indicate a continued decrease in OR in continued estrous cycles.  Collectively, these 
reductions in follicular waves, suggest the effects of the FCB to continue for 
approximately another hundred days. 
Ideally, this FCB would result in a permanent decline in fertility. As the ovary is 
unable to replenish its primordial follicle pool, complete elimination of all primordial 
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follicles would render gilts infertile. Here, it was observed that a significant reduction in 
primordial follicular density occurred within the active group. Although significantly 
reduced, the persistence of primordial follicles nests within the ovaries of gilts in the 
active group suggest a biologically insignificant depletion occurred. Due to the 
incomplete depletion observed in this study, it is possible that with time, folliculogenesis 
in active gilts would rebound to rates observed in the inactive group.  
Within the active group, no significant reductions in AMH were observed during 
the course of this study. Further, in comparison to the inactive group, no reductions in 
AMH occurred. This contradicts the literature as previous experiments found dosing rats 
or hamsters with VCD resulted in reduced AMH levels [135, 136]. AMH acts to inhibit 
recruitment and serves as an indicator of follicular reserves in a number of species [137]. 
The lack of change in AMH suggests that the modest decreases in primordial follicle 
reserve were insignificant. Although it was been previously suggested that AMH in the 
pig ovary has a different mechanism of action than observed in humans and rodents 
[138]. The results observed here may support this as a decrease in primary follicles 
would be expected to lower AMH levels, but was not the case. In either case, the 
histological evidence and AMH assay suggest no significant effect on ovarian follicular 
reserve.   
Ideally, the FCB would induce permanent reductions in fertility or at least last for 
one breeding season. The modest reductions in follicular development suggest a slight 
decrease in fertility of the active gilts indicate neither of these were achieved. In this 
study, pigs were receiving doses of triptolide and VCD. The doses used here are 
 80 
 
considerably lower than in previous studies with rat containing 1% VCD and 200μg of 
triptolide and VCD, respectively [90] This indicates a higher dose of triptolide and VCD 
may increase the reductions of all follicular stages observed here. In theory, if an 
increased dose caused a larger majority of antral, secondary, and primary follicles to 
undergo atresia, a significant reduction in fertility would occur for approximately four 
months. Due to the length of time of it takes a follicle to complete folliculogenesis; this 
has a major impact on deciding when to distribute baits to wild pigs.   
In wild pigs, reproduction varies with the environment. Wild pigs inhabiting 
colder regions, experience decreased reproductive functions during the winter months, as 
such ovarian activity declines due to the decreases in gonadotropin stimulation. Due to 
this, distribution of FCB to wild pigs during these times would only be targeting 
follicular reserve. It is important to note that the FCB would still act to decrease ovarian 
follicular reserve, as Roosa et al [135] found no differences in follicle depletion in 
Siberian hamsters dosed with VCD during short (winter) and long (summer) day lengths. 
It would be efficacious to time distribution of FCB just prior to typical peaks of breeding 
to decrease both developing follicles and follicular reserve. Ultimately, the results 
indicate further investigation into higher doses of triptolide and VCD is needed to 
investigate if the that leads to a greater decline in folliculogenesis and follicular reserve 
and what effects on fertility that causes.  
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